Due to climate change, energy dependence and other energy-related issues, most developed countries are attempting to reduce fossil-fuel use in the transport sector. Accordingly, there are several instruments that have been in place for many years, such as mandatory design standards, taxes on fuels, car purchase and ownership, and energy efficiency labels. Yet it is still not clear whether consumers value energy efficiency as a characteristic of vehicles. In this paper we use the European labelling system for light vehicles, which classifies automobiles according to their relative fuel consumption levels, as a novel, alternative indicator for energy efficiency. Moreover, we use a unique database that incorporates official commercial prices along with prices obtained through 'mystery shopping' at a selection of Spanish car retailers. We apply the hedonic price method to this database to estimate the price functions for vehicles and thereby obtain the marginal price of high-rated vehicles in terms of energy efficiency. Our results show that automobiles labelled A and B are sold at prices 2.1 to 9.0 percent higher than those of vehicles with similar characteristics but lower energy-efficiency labels.
Introduction
The transport sector is responsible for more than 20 percent of the total greenhouse gas (GHG) emissions in the European Union, with roughly two thirds of that amount being caused by road transport (IPCC, 2007; EU, 2011) . Transport also has significant local environmental impacts, with millions of citizens severely affected by air and noise pollution brought about by cars in both developed and emerging countries. Furthermore, the fact that this sector is a major consumer of energy and mostly relies on oil-related products has turned it into a preferential target for other environmental and energy-security policies [for instance, in 2007 97 percent of the final energy consumption of the Spanish transport sector was oil-related (Pérez and Monzón, 2008) ].
However, despite significant policy efforts in this area in recent decades, resulting in a great many instruments and approaches, most developed and emerging countries have seen an increase in both vehicle numbers and the distances travelled by their occupants. Again in the case of Spain, the motorisation rate (number of vehicles per capita) grew from 0.32 to 0.48 in only twenty years (EU, 2011) , while passenger cars continue to be the dominant option for land transport. It therefore seems that conventional policy instruments, mostly comprising mandatory design standards and taxes on fuels, car purchase and ownership, have been unable to cope with the growing size of the energy sector and with its ubiquitous energy and environmental problems (see e.g. Proost and Van Dender, 2012) . Thus, there is growing interest among policymakers and other agents in the design and effects of different alternatives for tackling this problem.
In this context, there has been an increasing advocacy and implementation of information programmes in recent years. In particular, labelling and certification systems have sought to reduce market barriers such as incomplete information or bounded rationality, which prevent consumers from taking optimal decisions regarding energy efficiency. In particular, labelling systems for light-duty vehicles are intended to provide clear, accessible information to enable consumers to compare the fuel performances of similar vehicles. In the European Union (EU) this scheme is regulated by European Directive 1999/94/CE (European Commission, 2000) , which requires Member States to impose a labelling system for light-duty vehicles that shows the absolute level of CO2 (carbon dioxide) emissions and the fuel consumption of each new car when it is sold. Additionally, this where a and b are parameters that must be reviewed and updated every year, and differ for gasoline and diesel cars. S is vehicle size, measured as length by width. Appendix A shows the current Spanish labelling format.
Energy efficient labels thus represent a novel instrument well suited to analysing the purchasing decisions of consumers. In this sense, the hedonic price method has traditionally been a preferred approach for studying willingness to pay (WTP) for certain attributes of products, such as fuel economy or energy efficiency in the case of vehicles (Liu and Helfand, 2012) . However, the interpretation of the regression coefficients is problematic due to the high degree of correlation that usually exists between the attributes of a product. That is why we believe that energy efficiency labels could be suitable for estimating the implicit price of fuel consumption. Additionally, the use of this indicator provides insights into whether or not there is a price premium associated with energyefficiency labels in vehicles, as has been suggested for other products such as buildings and household appliances. In particular, expected car fuel savings may be taken as a reference for such an analysis in the transport sector.
By using detailed data on car characteristics and prices, this study seeks to analyse the price effects of high-rated vehicles, in energy efficiency terms, on the Spanish market for new cars. The paper further contributes to the literature in this area via its use of retail prices as a better approximation to the real transaction price. To the best of our knowledge, previous research efforts using the hedonic approach have used official prices as those that lead to equilibrium in the market. However, there is casual evidence that, at least in the Spanish car market, retailers apply significant discounts on their own prices and thus the final price could be very different from the official one. To take this into account, our database consists of a sample of around 3,000 vehicle observations that provide detailed information on the characteristics and both the official and 'real' prices of cars. To anticipate the potentials and limitations of this approach and thus avoid the regulatory limitations of the past, it is particularly important to determine whether consumers value energy-efficiency characteristics when purchasing a new vehicle. Moreover, we compute an approximation to the present value of the fuel savings to determine whether Spanish consumers value energy efficiency rationally.
The rest of the paper is organised as follows. Section 2 reviews the literature to date in this field, and then briefly describes the hedonic pricing method and the data used. Section 4 presents and discusses the main results arising from the estimation of the model, and Section 5 compares the WTP of consumers with the present value of fuel savings and thus deals with the rationality of agents when purchasing energy-efficient vehicles. Finally, Section 6 summarises the main conclusions and implications of the paper.
Literature
Several papers have assessed the preferences of consumers regarding 'cleaner' cars through stated preferences. For instance Achtnicht (2012) estimates the WTP for cars with lower CO2 (carbon dioxide) emissions per km, and finds that this is considered an important attribute by German car buyers, especially by women, older people and those with higher levels of education. Caulfield et al. (2010) focus on the car purchase decision to determine whether fuel costs and existing taxes influence the choices of Irish consumers. Ewing and Sarigöllü (2000) report a positive attitude towards clean cars among Canadian consumers due to their environmental benefits, even though they are unwilling to give up the customary levels of car performance. Baltas and Saridakis (2013) using compensatory choice modelling show that a number of variables, such as purpose of car use, prepurchase information sources, consumers predisposition towards buying an ecological car, or consumers involvement and attachment to cars, significantly affect the choice of car.
Given the different characteristics or attributes of automobiles, consumers' preferences for cleaner cars could be also evaluated through revealed preferences, and particularly through the use of the hedonic pricing method. The first hedonic pricing studies for automobiles set out to establish a new method for computing price indices: the so-called 'quality-adjusted price index'. Given the technological advances in the automobile market, it was deemed necessary to differentiate price changes associated with changes in the quality of attributes from those made when all characteristics remained the same. Court (1939) and Griliches (1961 Griliches ( , 1964 first deal with this issue by presenting different models for computing adjusted-price indices for a period of time. More recently, this method has been used with the same purposes but with new model specifications by, for instance, Matas and Raymond (2009) , Reis and Santos Silva (2002) and Izquierdo et al. (2001) . Other authors employ the hedonic price method to estimate the implicit price of each car attribute, for instance energy efficiency or fuel economy (generally measured in miles per gallon). In particular, there is an initial group of papers that study the effects of gasoline price increases on the preferences of consumers for more energy-efficient cars after the oil crisis. In this context, Kahn (1986) , Atkinson and Halvorsen (1984) , Ohta and Griliches (1983) and Goodman (1983) focus mainly on used cars in the US, and find mixed results.
As observed in the introduction, interest in energy efficiency has undergone a revival in practical and academic terms in the last few years, largely due to energy dependency and environmental and climate change concerns. In this sense, Chugh et al. (2011) use the hedonic pricing method to test the hypothesis that Indian consumers rationally value fuel economy by comparing the marginal price of fuel economy with the present value of fuel savings. To avoid correlation with unobservable variables, they use ordinary least squares (OLS) and instrumental variables (IV) with average fuel economy (in miles per gallon) of the same car brand as the instrument for fuel economy. Their results from IV show an implicit price of fuel economy that ranges from 1 to 10 percent of the total price in the period from 2002 to 2006 which, compared to the present value of energy savings, does not support undervaluation of the fuel economy of cars. Kiso (2010) , on the other hand, applies an alternative hedonic model to 2001 US data on new vehicles to avoid omitted variable bias. Using data on gasoline prices and the estimated miles travelled per year, the paper constructs a proxy for the marginal price of fuel economy, which is shown to be between 5 and 10 percent of the retail price.
Moreover, as expected, the paper reports a higher cost of fuel economy in larger vehicles. Also using data from the US new vehicle market in the same year, Espey and Nair (2005) estimate four models with OLS using different specifications of fuel economy. Although their results coincide with Chugh et al. (2011) in that WTP for more fuel-efficient vehicles exceeds energy savings, they suggest that buyers behave rationally because the difference is explained by the environmental and energy concerns of consumers. Yet, by contrast with to the aforementioned papers, Arguea and Hsiao (1993) find mixed evidence of car price increases associated with more mileage per gallon in 1969-1986. In this paper we follow a similar hedonic approach to estimate the implicit price of fuel consumption or energy efficiency, using the EU labelling system as an indicator for fuel economy that avoids problems associated with multicollinearity and omitted variables. To the best of our knowledge, the only piece of research that evaluates the WTP for energy-efficient vehicles through labelling is an ongoing research project by Alberini et al. (2013) that considers the Swiss car rating system.
Estimation

Hedonic price model
The hedonic price method is based on the assumption that a product can be represented as a vector containing its characteristics or attributes. By extension, the price of that product can be expressed as a function of the attributes
where ! ! etc. represent each of the attributes of the good. In equilibrium, the price of each attribute is equal to the cost for the manufacturer of producing that characteristic (Court, 1939; Griliches, 1961; Rosen 1974) . Therefore, in a competitive equilibrium the hedonic price method enables the implicit price of each characteristic of a vehicle to be estimated. It is given by the partial derivative of the vehicle price function with respect to each attribute. Thus,
reports consumers' WTP for an extra unit of the attribute z ! or, similarly, the manufacturer's marginal cost of producing such an additional unit. Although this approach bases its conclusions on real transaction prices, given the difficulties of using that price researchers have tended to use manufacturers' official prices as an approximation to the transaction price. As indicated above, however, the two prices do not necessarily coincide.
Therefore, we propose the use of commercial retail prices as a more adequate approximation to the transaction price.
The data
We employ a database developed especially for this study with micro-information on more than 3,000 The official prices obtained included only value added tax (VAT), while the retail prices also included vehicle registration taxes 3 and retailers' management costs, so price homogenization was required.
To that end we subtracted the corresponding registration tax and the average retailers' management costs from the retail prices. As a final step, each observation was matched with its corresponding energy-efficiency label using information provided by IDAE (Spanish Institute for Energy Diversification and Savings). In fact, IDAE has developed a database with data on CO2 emissions, consumption and the corresponding energy-efficiency label for each model of vehicle sold in Spain 4 .
Energy labels classify each vehicle based on the difference between its fuel consumption and the average consumption by cars of a similar size. This has allowed us to match each vehicle with its corresponding label to obtain a database with all the relevant characteristics needed to estimate the price function. Table 1 describes the most relevant variables of the database built for this study. First of all, the survey to collect the retail prices deals with 71.5 percent of the car models and shows no major differences compared with the full sample, thus demonstrating that the reduced sample represents the entire market quite well. Both samples suggest that most vehicles on sale in Spain are small and medium sized, and that gasoline and diesel engines account for more than the 90 percent of the fleet.
The supply of automobiles also shows a high level of energy efficiency, with 36 percent of vehicles labelled as B and also a fairly large number with A and C labels. Thus, if label D is set as the benchmark for average energy efficiency, more than 60 percent of the vehicles on sale in Spain are energy-efficient. Finally, the bottom lines of Table 1 report some statistics on the main variables contained in the database. Importantly, as expected, the average retail prices are lower than the average official prices by around 3,000 Euros, which suggests that retailers adapt official prices according to their own commercial strategies. This vindicates our approach. 
The regression model
Since the number of non-gasoline/diesel cars in our database is almost negligible and energy efficiency labels do not have any effect on alternatives such as gas-fuelled or electric vehicles, we restrict our estimation to gasoline and diesel cars. As customary in this field we use a semi-log model for the price function of vehicles (Equation 2), which is estimated using the official and retail price samples separately.
The dependent variable in Equation 2 is the logarithm of the price for observation i, with α as the constant of the model. To estimate the price effects of labelling we first attempted to use a discrete variable for the levels of each label. However, using the statistic variance inflation factor (VIF), which measures the correlation between explanatory variables (Wooldridge, 2009) , we found high levels of multicollinearity that affected the coefficients of the label variables. Therefore we created a dummy variable (AB), valued at one if the car has a class A or B label and zero otherwise, which does not suffer from multicollinearity. Hence, the coefficient of interest in equation (2) is β, which measures the marginal price of energy efficiency (defined as having A or B labels). Even though labels are a function of size, their effect would be overestimated if we did not control for the increase in price due to larger vehicles. Thus, we use weight (in tonnes) as a proxy for the length and width of the car. We also include the variables CC, RPS, maxspeed, acel and cap for cubic centimeters (measuring engine size), revolutions per second, maximum speed, acceleration and boot capacity (in 100l) respectively. Finally, Equation 2 contains dummies for the type of fuel (D1), commercial vehicle segment (D2), market brands (D3), number of seats (D4), number of airbags (D5), number of gears in manual gearboxes, including automatic transmission (D6), type of drive system (D7) and six dummies for extra equipment (D8), all described in full in Appendix B. We believe that this extensive set of characteristics and the use of labels as an indicator of energy efficiency will enable the coefficient for energy efficiency to be interpreted correctly.
Two additional model specifications are implemented to check the results: the first replaces the variable AB by fuel consumption (in l/km), whereas the second uses a new dummy variable instead of AB, called A, which takes a value of 1 if the vehicle has a class A label and 0 otherwise. Although the first of these alternatives might result in multicollinearity, the objective is to use two similar indicators of energy efficiency to validate our results. We would expect the coefficient for fuel consumption to have a similar magnitude but the opposite sign to the coefficient for AB, while the coefficient for A should have the same sign but a larger magnitude than AB due to the exclusion of the effect of label B from the combined effect. Finally, we regress the original model separately for each commercial segment so that we can identify differences in WTP depending on the type of vehicle. Since each commercial segment is determined by its own characteristics, we expect different implicit prices for energy efficiency. Table 2 displays the results for the estimation of Equation 2. Column 2 depicts the results using official prices, whereas column 6 shows the results with retail prices (columns 3 and 7 are the corresponding standard errors). Most coefficients are significant, and have the expected sign in both models. The R-squared, moreover, suggests that most price variability is explained by the model.
Results
The main objective of this research was to estimate the marginal effect of high-rated vehicles, which is explained by the coefficient of variable AB. In fact, both models suggest that energy-efficient vehicles (those with class A and B labels) are more expensive than the rest. In particular, all other variables being equal, the amounts associated with energy-efficient vehicles are 1.3 and 9.04 percent of the price for official and retail prices, respectively. Moreover, our results indicate that consumers value-energy efficient vehicles, that is, that they are willing to pay more for vehicles with A or B labels.
However, there is a substantial difference between the figures of the two results. This might be partially explained by the type of observations included in each sample: the sample with retail prices contains only observations for the 15 best-selling brands on the Spanish market, while the official price sample contains all the models available on that market. The latter includes several luxury brands that provide vehicles with clearly distinctive characteristics that could be biasing the results if the dummy for luxury is unable to control their full effect. Consequently, we re-estimated the model using official prices but considering only the 15 best-selling brands in Spain. Column 4 in Table 2 reports the corresponding results: basically the coefficient of interest for official prices, β, increases to 2.1 percent. The remaining difference could be due to the origin of the prices: official prices are supply-side prices, while retail prices are closer to being demand-side prices (i.e. are prices at equilibria and thus better incorporate demand factors). This could indicate that consumers value energy efficiency more highly than producers. In short, our results not only provide the first empirical evidence of the WTP for energy-efficient vehicles among Spanish consumers but also contribute to the international literature in this area, yielding values that fall within the usual range found in evidence to date. The results for the rest of the variables are as expected and are very similar for the two price specifications: gasoline vehicles are 6 to 9 percent cheaper than diesel, engine size (measured in cubic centimeters (CC)), weight and maximum speed (maxspeed) increase prices in the regression of official prices. Table 2 also displays the marginal cost of some of the dummies included in the model, such as air conditioning and automatic transmission relative to conventional five-speed gearboxes. Table 3 shows results for the first alternative model, which uses fuel consumption as an indicator of energy-efficiency. Most of the coefficients remain unchanged in the two samples when variable AB is replaced by fuel consumption in the reduced official-price sample. The coefficient for fuel economy does not have the expected sign in the official-price sample because, all else being equal, an increase in fuel consumption should decrease the WTP. However, this is not the case in the retailprice sample, in which the value assigned to fuel consumption not only has a negative sign but is on the same order of magnitude as in previous results. Again, this difference could be explained by the source of the prices: an increase in fuel consumption in l/km is an undesirable characteristic for consumers, but it might not be so for producers. The fact that the implicit price of fuel consumption is lower than the price for high-rated vehicles could indicate that there is a price premium associated with labels, as mentioned above. Finally, the VIF shows a higher level of multicollinearity for the coefficient for fuel consumption than the AB coefficient. Table 4 displays the results for the second alternative specification, which replaces the variable AB by the variable A (for vehicles labelled as A). In this case, as expected, the coefficient for A is higher than the coefficient for AB in both models. This regression shows the robustness of our results to alternative model specifications: The WTP of consumers for vehicles labelled A is again higher than for those labelled A or B. Finally, using the full official-price sample, Table 5 reports WTP results for A-labelled vehicles in each commercial segment. A priori, one would expect bigger vehicles with higher fuel consumption to have the highest energy-efficiency implicit price, as the expected fuel savings are larger. However, our results do not support this hypothesis: the sports and luxury segments show the largest WTP for vehicles labelled as A, but the coefficient for energy efficiency is not statistically significant for SUVs, the other segment with high consumption. Cars in the small category show the second highest WTP for energy efficiency, followed by minivans and sedans. Hence, our estimates do not indicate a clear link between the commercial segment of vehicles and WTP for energy efficiency. 
WTP for energy efficiency and present value of fuel savings
Once the WTP for energy-efficient vehicles is known, it can be compared with the present value of fuel savings associated with such vehicles. Indeed, if consumers behave rationally one could argue that their WTP for energy-efficient vehicles should be close to the energy savings attainable during the lifetime of the vehicle. A detailed analysis of this issue, incorporating expected fuel prices, lies beyond the scope of this research, but a rough calculation could provide another robustness check for our results, besides obtaining some insights into the behaviour of Spanish consumers in this area.
This comparison is depicted in Table 6 . Previous research has found mixed evidence concerning the rationality of consumers' WTP for energy-efficient vehicles (see Section 2). As an approximation to this matter, in Table 6 we use data on annual household expenditures on fuel and lubricants from the Spanish Institute for Statistics (INE). The figure is for 2012 is 1030 Euros. Given that vehicles with class A labels consume 25 percent less than those with class D, taken as a reference, we observe that the expected energy savings over a vehicle lifetime of 10 years range from 2248.04 to 1551.34 Euros, using discount rates from 5 to 15 percent respectively. These expected energy savings are checked against the WTP obtained from our alternative regression using the dummy for vehicles labelled as A.
By employing two price approximations as boundaries, we obtain several interesting results. For the retail price sample, the WTP exceeds the present value of fuel savings, independently of the discount rate. Although this finding coincides with the results of Chugh et al., (2011) and Espey and Nair On the other hand, when the official-price subsample is used the values are considerably closer to the WTP. With a discount rate ranging from 5 to 10 percent, the expected energy savings are greater than the WTP, which may indicate that consumers undervalue energy efficiency or the so-called energy efficiency paradox exists. That is, even when investments in energy efficiency seem economically rational some consumers chose not to undertake them. Other reasons such as information barriers (not overcome by the labels), lack of liquidity (and/or credit) as well as uncertainty about future fuel prices might also contribute to explaining this result. Only with a discount rate of 15 percent is the WTP greater than the present value of fuel savings. Galarraga et al. (2011b) also find some evidence of the energy efficiency paradox for the case of refrigerators in Spain. The paper estimates that the WTP is about one third of the energy savings that a consumer obtains during the lifetime of a refrigerator with the highest energy-efficiency label.
Interestingly, independently of the values of the discount rate, the expected energy savings are relatively close to the WTP results obtained for cars using official prices. This can be interpreted as proof of the accuracy of the WTP estimated for energy-efficient vehicles using official prices, and the economic rationality of Spanish consumers when purchasing energy-efficient vehicles, that is, small presence of the energy efficiency paradox. The difference between the WTP and the present value of energy savings is significantly lower in the case of cars than in the case of refrigerators. This is probably due to the fact that the capacity of influencing on the future energy consumption on cars is much higher, and thus the potential of future savings are valued more.
Conclusions
Governments face growing pressure to limit energy-related emissions and consumption from an ever larger number of vehicles and from increasing car use. A mix of various policy instruments has been implemented to attain this general objective, such as taxes on fuel and car purchases, design standards and subsidies. These measures may be expanded and intensified given the major part played by transport in global energy consumption, and to tackle severe environmental problems.
However, given the taste of consumers for more, larger and more powerful cars, and the potential limitations associated with some of the conventional regulatory instruments in this area, new approaches may be needed. In this sense, information programmes such as energy-efficiency labels may play an important role in both developed and emerging countries. Among other things, they may address the apparent lack of perception among consumers of the benefits of improved energyefficiency in cars. It is against this background that an EU energy-efficiency rating system for cars has been implemented, with labels ranging from A (most energy efficient) to G (least energy efficient).
In this paper, we use this labelling system to estimate the value that Spanish consumers place on energy-efficient cars. To estimate the implicit price of a high-rated car in terms of energy efficiency, i.e. the WTP of consumers for a car labelled A or B, we employ a database developed especially for this study with more than 3000 observations containing a rich set of characteristics of vehicles on the Spanish market. Besides official prices, the database incorporates a subsample of retail prices for cars obtained in situ through 'mystery shopping'. All this information is matched with the IDAE's official database information about vehicle energy-efficiency labels.
That database is used with a hedonic price approach to estimate a model of car prices that are set as function of different attributes of cars. Among other results, the paper reports a statistically significant coefficient of the variable that measures the effect of (very high) energy-efficiency labels: A and B labelled cars are found to be supplied at a price between 2.1 and 9.04 percent higher than that of similar but less energy-efficient cars, using two different price approximations (official listing and 'mystery shopping'). These results are first contrasted with alternative model specifications using fuel consumption and A-labelled vehicles. Subsequently, to evaluate the rationality of consumers, the results are compared with an approximation of the present value of energy savings. When official prices are used, the WTP for vehicles labelled as A is very close to the expected energy savings, which suggests that Spanish consumers rationally value energy efficiency in cars. When retail prices are used instead, the difference is quite substantial, which might indicate either an overestimation of the WTP in this case or a supply side distortion in the market due to aggressive commercial strategies of Spanish dealers. This question remains to be answered by future research. Using both official and retails prices seems promising area for further analysis as it offers new insights for coming research.
Before concluding the paper, we believe that it is important to set our results in the context of the recent literature on energy efficiency labelling in other goods. Energy efficiency certification systems are becoming a widespread tool for incentivising the purchase of products other than vehicles, including buildings and household appliances. Indeed, applying the hedonic price method to these other products provides similar results: products with high energy-efficiency labels are sold (or rented) at higher prices. For instance, Eichholtz et al. (2010) analyse the case of commercial buildings in the US, and find that rental (selling) rates associated with certified office buildings are 3 (16) percent higher per square foot than for similar but uncertified ones. These results are similar to those of Fuerst and McAllister (2011) , who find that the price of commercial buildings in the US is 25 and 26 percent higher respectively for buildings with LEED and Energy Star certificates, while for rents the differences are +5 and +4 percent respectively. Again using the hedonic price method, Galarraga et al. (2011a) estimate the marginal price of energy-efficient dishwashers in Spain (those labelled A or A+), and find that the label explains as much as 15.6 percent of the price. Galarraga et al. (2011b) find that the figure is 8.9 percent for the case of the refrigerators market of the Basque Autonomous Community (Spain).
To sum up, we believe that this paper provides support for the use of information-based approaches in the area of energy and environmental regulation of transport, where measures are greatly needed.
However, given that there are several significant policy instruments available to promote energy efficiency, it is very important to introduce such approaches with proper consideration for the synergies and negative interactions that they might bring about in such a context. Energy labels or certificates, on the other hand, could be used as the basis for designing other policy initiatives in this area, such as taxes levied on the energy inefficiency of the stock (Hanemann et al., 2012) or emission based car taxation (Rogan et al., 2011) . The results of this article, and their possible derivations, may be particularly useful for an informed discussion of these and other policy issues in this important area.
APPENDIX A Mandatory label
Description of fuel consumption and CO2 emissions labels 1. In the Spanish territory, fuel consumption and CO2 emissions labels must have the following format:
A guide containing fuel consumption and CO2 emissions together with a detailed description of all new vehicles models' characteristics can be obtained at all points of sale by free. 
